Flores Arzú R, Comandini O, Rinaldi AC 2012 -A preliminary checklist of macrofungi of Guatemala, with notes on edibility and traditional knowledge. Mycosphere 3(1), 1-21, Doi 10.5943/mycosphere/3/1/1 Despite its biological wealth, current knowledge on the macromycetes inhabiting Guatemala is scant, in part because of the prolonged civil war that has prevented exploration of many ecological niches. We provide a preliminary literature-based checklist of the macrofungi occuring in the various ecological regions of Guatemala, supplemented with original observations reported here for the first time. Three hundred and fifty species, 163 genera, and 20 orders in the Ascomycota and Basidiomycota have been reported from Guatemala. Many of the entries pertain to ectomycorrhizal fungal species that live in symbiosis with the several Pinus and Quercus species that form the extensive pine and mixed forests of the highlands (up to 3600 m a.s.l.). As part of an ongoing study of the ethnomycology of the Maya populations in the Guatemalan highlands, we also report on the traditional knowledge about macrofungi and their uses among native people. These preliminary data confirm the impression that Guatemala hosts a macrofungal diversity that is by no means smaller than that recorded in better studied neighboring Mesoamerican areas, such as Mexico and Costa Rica.
Introduction
Despite its relatively small area (108,889 sq km), Guatemala is one of the richest biodiversity hotspots in the world (Tolisano & López 2010) . This is due to the variety of its territory and ecosystems that occur from sea level up to more than 4,000 meters above sea level, from subtropical and tropical rain forests to wetlands, from dry forests to scrublands, from cloud forests to mixed forests and pine-fir forests in the highlands. Despite this wealth, however, our knowledge on the mycobiota of the country is very poor. There are several reasons for this, primarily the prolonged civil war and related political and social instability that have severely hampered field work in the country. The lack of trained local mycologists has certainly also delayed the detailed investigation of the rich mycota inhabiting the highly diversified Guatemalan ecological niches.
In order to contribute to the knowledge of the mycoflora of Guatemala, and in the hope that what is reported here will stimulate other researchers to study the Guatemalan mycolo-gical diversity, we have assembled a checklist of the macrofungi recorded to date. Concomitantly, we provide relevant information on the traditional knowledge about mushrooms and their uses among native Maya people.
Ethnomycological notes
Fieldwork, developed and carried out in the last 20 years or so by researchers from the Universidad de San Carlos de Guatemala, involved repeated visits to a number of localities of the central, western, and northern Guatemalan highlands, mainly in the departments of Alta Verapaz, Baja Verapaz, Chimaltenango, El Quiché, El Progreso, Guatemala, Huehuetenango, Quetzaltenango, Sacatepéquez, San Marcos, Sololá, and Totonicapán (Fig 1) . During these surveys, mushrooms were purchased at municipal markets and from vendors along main routes (like the interdepartmental Carretera Panamericana), or obtained from hired local harvesters. Information on common names of mushrooms in the local idioms, traditional uses and edibility, methods of cooking, the period of the year mushrooms are found, the locations where they are found and the prices at which they are sold in the community, were collected through interviews with vendors and harvesters. In each interview, fresh mushrooms and field guides were shown as stimuli and reference.
Results and Discussion
Diversity of Guatemala macromycetes 'Macromycetes' is by no means a systematic category, but larger fungi are of particular interest because of their importance as food resources and as a component of traditional culture. Moreover, many basidiomycetes and ascomycetes with conspicuous sporocarps often play an important role as ectomycorrhizal mycobionts of trees and shrubs of boreal forests in the northern hemisphere and are important elements in many areas of the southern hemisphere (Rinaldi et al. 2008) . Table 1 lists 350 (31 ascomycetes and 319 basidiomycetes) species of macromycetes occurring in 163 genera and 20 ascomycetous and basidiomycetous orders, reported as occurring in Guatemala on the basis of published information and personal observations (Fig 2) . The relevant original information is contained in about 60 papers (see References), many with only limited (national) distribution and availability. Most of the recent information has been collected in Verapaz, 3 Chimaltenango, 4 Chiquimula, 5 Petén, 6 El Progreso, 7 El Quiché, 8 Escuintla, 9 Guatemala, 10 Huehuetenango, 11 Izabal, 12 Jalapa, 13 Jutiapa, 14 Quetzaltenango, 15 Retalhuleu, 16 Sacatepéquez, 17 San Marcos, 18 Santa Rosa, 19 Sololá, 20 Suchitepéquez, 21 Totonicapán, 22 Zacapa. the field during the last two decades or so thanks to the work of the 'Unidad de biodiversidad, aprovechamento y tecnología de hongos-UBIOTAH', based at the Facultad de Ciencias Quimicas y Farmacia of the Universidad de San Carlos de Guatemala, Guatemala City, Guatemala,. The geographical distribution of the reports covers 21 of the 22 administrative departments of the country (see Fig 1) ; only for the department of Retalhuleu, flanking the Pacific Ocean, there are no published records. Most observations pertain to the highlands in the departments of Alta Verapaz, Baja Verapaz, Chimaltenango, El Quiché, Guatemala, Huehuetenango, and Quetzaltenango. At the order level, Agaricales has the highest number of species (111), hosting almost one third of the entire set, followed by Polyporales (60) and Boletales (53). The most represented genera are Amanita with 18 species, Russula (13), Lactarius (11), Laccaria (9), Suillus (8), all genera ectomycorrhizal with the several Pinus and Quercus species that form extensive pine and mixed forests on the highlands (Vivero et al. 2006) , and/or with the endangered Abies guatemalensis (pinabete), most abundant between 2800-3200 m elevation on the Sierra de los Cuchumatanes in western Guatemala (Flores et al. 2002) . The mycorrhizal biology of selected fungal species (in particular Lactarius spp. and Boletus spp.) and of their host trees in Guatemala has received some attention recently , Flores et al. 2008a , Flores et al. 2008b , Che & Flores 2010 , Díaz et al. 2007 , Díaz et al. 2009 , Comandini et al. 2012 , and further research on the topic is under way. Ectomycorrhizal species comprise 43.7% of the total records (153 entries), while 191 (54.6%) of the recorded species are saprobic and only 6 (1.7%) are parasitic.
Although the list displayed in Table 1 might appear extensive, needless to say it presumably covers only a small part of the macrofungi diversity in Guatemala. Most researchs have concentrated in a limited, accessible portion of the country, rich in forests and thus hosting a varied mycoflora. The wide lowland Petén region, for example, has been scantly explored, despite the fact that it accounts for about one third of Guatemala's area and, together with adjacent areas of Belize and southern Mexico, comprise the largest unbroken tract of tropical forest north the Brazilian Amazon. In a survey of 0.1 ha in the Cordillera Talamanca, Costa Rica, Gregory Mueller and Roy Halling have reported some 200 species of macrofungi in a parcel of native forests hosting only 20-25 species of vascular plants and just two ectomycorrhizal angiosperms (Halling & Mueller 2002) .There is no reason to believe that Guatemala forests would be any less diversified.
In general, a significant part of material collected is difficult to classify at species level, often because the available mycofloras for surroundings areas and North America report many European epithets that have been used to name American taxa, but in reality the problem of whether this situation reflects real conspecificity or superficial resemblance still awaits clarification in most cases. According to the curator of macrofungi and agaricales at BIGU, one the four official herbaria in the country and the only one with a mycological section 1 , hosted at the Universidad de San Carlos de Guatemala, their collection includes approximately 2,500 specimens, which are only partially classified (Maura Liseth Quezada Aguilar, personal communication). Most of these are from the tropical rain forest of 'Eco-región Lachuá', a protected area noted for its biodiversity, northwest of Cobán, Alta Verapaz. Bran et al. 2002) . This collection hosts very valuable material, most of which is currently under study, but has not received international recognition as yet 5 Despite our rudimentary knowledge of the macrofungi diversity in Guatemala it is possible to make some comments on some of its distinctive patterns, especially for the ectomycorrhizal mushrooms. Several notable species occuring in the Guatemalan highlands (e.g., Amanita cfr. "costaricensis", Lactarius indigo, L. rimosellus, Laccaria amethystina, Russula nigricans, Strobilomyces strobilaceus, Tylopilus violatinctus) belong to the guild of obligate ectomycorrhizal fungal species that are believed to have migrated from north to south from the North Temperate zone with their associated phanerogams, in particular Quercus, through Mexico and Guatemalan highlands, down to the montane areas of Costa Rica and in some instances to southern Colombia (Halling & Mueller 2002) . A certain level of local endemism might also be present among the ectomycorrhizal taxa in the Guatemalan highlands, as was noted in Costa Rica (Halling & Mueller 2002) . A relevant example for Guatemala could be Boletus luteoloincrustatus. However, the 'endemism issue' should be treated with caution, as further research in undersurveyed areas could well extend the range of many species. This is the case of Boletus guatemalensis, originally known only from Guatemala but recently reported also for Belize (Ortiz-Santana et al. 2007 ), and Amanita "costaricensis" and Phylloporus aurantiacus, previously thought to be restricted to the Cordillera Talamanca and to one site in Cartago Province of Costa Rica, respectively, and now reported also from Guatemala (Table 1) .
Traditional knowledge and use Some 131 entries listed in Table 1 (37.4% of the total) were identified as edible species, most of which are actually sold in local markets or along roadsides, especially in the highlands. A few species (e.g., Tricholoma magnivelare, Heimioporus betula) are considered edible in other countries, but are not consumed in Guatemala. It is not rare that species of edible mushrooms belonging to different genera (e.g., Amanita, Lactarius, Helvella) are offered mixed together, and sold in form of 'medida', i.e. a fixed amount, which equals the content of a small basket ( Fig 2) . However, the more popular and valuable species are usually sold separately. Lactarius deliciosus and L. indigoknown as 'Shara' (or 'Xara') 'amarilla' and 'Shara' (or 'Xara') 'azul', respectively, or 'Cabeza de Xara' in local Spanish (Sharas, also known as 'urracas' are birds, variously coloured, living in different parts of the country) -Amanita caesarea complex (hongo de San Juan), and Cantharellus cibarius (anacate), are among the most appreciated edible mushrooms among Maya. The gathering and consumption of some species are apparently restricted to a few, if not one single community; relevant examples in this case are Hydnum umbilicatum in Comalapa (Chimaltenango) and Lactarius rimosellus in Jacaltenango (Huehuetenango). Many, but by no means all, edible species are identified through common vernacular names that have been sometimes recorded in several Maya idioms (Bran et al. 2002 , Bran et al. 2003a , Bran et al. 2005 , Morales et al. 2002 . Generally, mushrooms are gathered and sold by women, often in family groups spanning three generations. The use of macrofungi in Guatemala other tan for human comsumption is limited to a few instances (Table 1) . The spores and dried mycelia of Calvatia lilacina and C. cyathiformis are locally used as wound healing and hemostatic substances, and for preventing infections (Sommerkamp 1994 , Bran et al. 2005 ). In the Sierra de los Cuchumatanes, sporocarps of Geastrum and Lycoperdon are used as cicatrizing substances to treat burns in children (Flores et al. 2002) . Similarly, dried specimens of Lycoperdon marginatum are used to heal and disinfect wounds, and to treat bee stings (Bran et al. 2005) . The ceremonial/religious role played by Amanita muscaria and Psilocybe mexicana is mentioned below. These observations are part of a more general, ongoing study of the ethnomycological knowledge of the Maya populations in the Guatemalan highlands that will be published elsewhere.
"The Mesoamerican tradition of eating wild edible fungi continues from Mexico to west Guatemala then is absent from much of Honduras and Nicaragua, even though both Sommerkamp & Guzmán 1990 , Izb, Pet, Qui, Sac Bran et al. 2002 , Bran et al. 2003b , Boa 2004 , Vargas et al. 2010 , this study *Tricholoma equestre (L.) P. Kumm.
Chi, Gua, Sac, Sam ecto Sommerkamp & Guzmán 1990 (as T. flavovirens), Bran et al. 2002 , Flores et al. 2002 , Bran et al. 2003b , Boa 2004 Gua, Hue, Qtz, Sac, ecto Sommerkamp & Guzmán 1990 , Flores et al. 2002 this study *S. luteus (L.) Roussel Chi, Gua, Qtz, Tot ecto Sommerkamp & Guzmán 1990 , Sommerkamp 1994 , Bran et al. 2002 , Flores et al. 2002 , Bran et al. 2003b Bran et al. 2002 , Bran et al. 2003b , Boa 2004 , Flores et al. 2008c , this study *C. lateritius (Berk.) Singer Gua, Sac ecto Sommerkamp & Guzmán 1990 (as C. odoratus # ), Bran et al. 2002 , Bran et al. 2003b , Boa 2004 , Flores et al. 2008c Chi, Gua, Jal, Sac ecto Flores et al. 2002 , Flores et al. 2008c , this study C. tubaeformis (Fr.) Quél.
Chi, Gua, Hue, Sac ecto Flores et al. 2008c , this study *Hydnum repandum L.
Chi, Gua, Hue, Jal ecto Sommerkamp & Guzmán 1990 , Bran et al. 2002 , Qui, Sac, Tot Flores et al. 2002 , Bran et al. 2003b , Boa 2004 Table 1 Continued. Species of macrofungi reported for Guatemala contain forest areas that in theory support production of edible fungi," remarked Eric Boa in his reference volume on worldwide wild edible fungi (Boa 2004 , see also www.wildusefulfungi.org/). This deep mycophily of Mesoamerican indigenous people is not limited to the widespread use of macrofungi as highly appreciated food, but also extends to the ancient involvement of mushrooms within the complex network of religious beliefs that linked ancient Mesoamericans with their natural surroundings. Before attention started to be devoted in recent times to ascertaining the mycological knowledge of contemporaneous Guatemalan indigenous people (Sommerkamp 1990 ), most ethnomycological efforts in Guatemala had focused on the study of Maya mycolatry in the preclassic and classic periods (approx. 1500 BC -900 AD). This was carried out either through the investigation of the meaning and origin of the artifacts now known as 'mushroom stones'sculptures of prehispanic origin probably associated in Maya culture with religious ceremonies wherein hallucinogenic fungi played a major role (de Borhegyi 1961 , Lowy 1968 , Lowy 1971a , Lowy 1977 , Lowy 1980 , Lowy 1981 , Ohi & Torres 1994 )and of the sacred use of mushrooms as depicted in Maya codices (Lowy 1972 , Lowy 1974 , Guzmán 2001 , Guzmán 2003 . In particular, Bernard Lowy has clearly shown the central role played by Amanita muscaria in the mycolatry of the Maya people inhabiting current Guatemala. This poisonous species, depicted in several Maya codices in what appear to be ceremonial offerings, either as a death symbol and/or possibly because of its hallucinogenic properties, is linked to the 'thunderbolt legend' (Lowy 1972 , Lowy 1974 )in many cultures, some fungi were believed to spring from the ground in places struck by a thunderbolt. An autochthonous hallucinogenic mushroom culture (Wasson 1980) among present day Guatemala Mayas is not proved, but Lowy has reported the occurrence of Psilocybe mexicana in Guatemala, either growing in the meadows and offered for sale in at least one location (Lowy 1977) . These fragments of an ancient past suggest that a mushroom cult existed in Guatemala that disappeared with time, and it is thus possible to envisage that there may be "a kinship between such a cult and the surviving divinitory rite of the inebriating mushrooms in Mexico" (Wasson & Wasson 1957) .
Conclusions
Hopefully, the information gathered here will serve both as a reference and stimulus for further work aimed at disclosing the diversity of macromycetes in a number of ecological niches in Guatemala. In our opinion, future work should be focused along two main directions. Firstly, the in-depth study of single, important genera (e.g., Amanita, Boletus, Russula, Lactarius), carried out with the help of specialists, so to correctly classify (or re-classify) the abundant but perhaps misdetermined material and to produce reliable checklists, while possible identifying new taxa and ascertaining the relationships with those occurring in better studied areas (North America, Mexico, Costa Rica, Europe). Secondly, the mycota of restricted areas (e.g., national parks or protected sites), or well defined and ecologically-homogenous plant communities, should be preferentially studied in detail, in order to provide useful insight on the diversity and ecology of macromycetes in at least a fraction of Guatemala's highly diversified landscape. Another interesting research avenue would be investigating selected ectomycorrhizal associations, as was done recently for Lactarius rimosellus (Comandini et al. 2012) , characterizing this key symbiosis from both the mycobiont and host plant point of view and thus acquiring information that could be important on a number of fronts, such as phylogeographic reconstructtions or potential usefulness for reforestation programmes.
